Neuropsychological test performance relative to published norms and parent ratings was assessed archivally among 78 children with attention deficit hyperactivity disorder (ADHD). Despite average to low average IQs and academic achievement, the children performed poorly relative to test norms on most measures sensitive to fronto-executive functioning (span of attention, sustained attention, response inhibition, and working memory). They also performed poorly on most memory tests requiring free recall/retrieval, a skill dependent in part on intact frontal/subcortical functioning. In contrast, performance fell within the average to low average range on all measures of retention, although some mean scores fell significantly below normative means. In addition, higher levels of inattention or hyperactivity as assessed from parent reports were associated with worse performance on neuropsychological tests. That is, correlations calculated between neuropsychological test scores and parent ratings on the Adaptive Behavior Scale (ABS) were both significant at the P < .05 level and in the expected direction in 33% of the analyses for ratings of attention, in 43% of the analyses for ratings of hyperactivity, and in 5% of the analyses for ratings of persistence.
Introduction
Attention deficit hyperactivity disorder (ADHD) is described in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) as "a persistent pattern of inattention and/or hyperactivity-impulsivity that is more frequent and severe than is typically observed in individuals at a comparable level of development" (American Psychiatric Association, 1994, p. 78) . The DSM-IV estimates that the prevalence of the disorder in the school-age population is about 3-5%. There are concerns, however, that the disorder is underdiagnosed among some populations while being overdiagnosed in others (National Institutes of Health Consensus Development Conference Statement, 2000) . For example, many school districts report rates of ADHD many times higher than 5%, and the numbers are rising (Wehman, 1997) . Estimates of the prevalence of ADHD vary because of factors such as how ADHD is defined, lack of precision in determining ADHD features, and the subjective differences in ratings between parents, teachers, and professionals (Cohen, Riccio, & Gonzalez, 1994) . Clearly, diagnostic accuracy is an important goal so that stimulant medications, access to special education resources, and other interventions may be allotted appropriately.
In searching for diagnostic accuracy and effective interventions, one potentially important direction is to identify the neurological characteristics of the disorder. Such knowledge is also important in its own right as we seek to better understand what ADHD really is. Although clear neurological markers have yet to be identified (Riccio, Hynd, Cohen, & Gonzalez, 1993; Tannock, 1998) , it is generally believed that there are neurological dysfunctions of the frontal lobes (Tannock, 1998) . For example, Schultz, Himelstein, Halperin, and Newcorn's (2000) review of the empirical literature concluded that dysfunction in prefrontal-striatal neural circuits contribute to the executive function deficits observed in individuals with ADHD. Identifying neuropsychological tests that are sensitive to such characteristics should give a clearer picture of the nature of the disorder, as well as guide evaluation and treatment.
A number of recent studies and reviews have implicated impaired performances among patients with ADHD on measures sensitive to fronto-executive functions (e.g., planning and regulation of behavior, which requires response inhibition, working memory, etc.; Barkley, 1997a Barkley, , 1997b Pennington & Ozonoff, 1996; Schultz et al., 2000) . For example, Italian 6th to 8th graders diagnosed with ADHD had lower recall scores and more intrusions than matched controls did on a four-trial free recall task with partially categorizable and partially repeated material. Following a training manipulation, however, they performed as well as controls when informed and assisted with the use of the appropriate strategy, but not when only information (but not assistance) was given. This pattern of deficits was interpreted as evidence for deficient executive processing (Cornoldi, Barbieri, Gaini, & Zocchi, 1999) .
In a prospective single-blind study, children with ADHD performed significantly worse than age-, grade-, and gender-matched controls on Wisconsin Card Sorting Test (WCST) perseverative and nonperseverative errors, on all three Stroop measures (inhibition-sensitive tasks), on errors of omission on an auditory continuous performance task (CPT; support for the sensitivity of CPTs to executive functions is in Pennington & Ozonoff, 1996) , and on Wide Range Assessment of Memory and Learning (WRAML) verbal list learning, but not on a letter cancellation test or finger tapping speed (Seidman et al., 1995) . In a continuation of this study, relative deficits were again found on the Stroop, WCST, WRAML list learning, and auditory CPT omissions (Seidman, Biederman, Faraone, Weber, & Ouellete, 1997) . The ADHD sample also performed worse than the controls in terms of organization on the letter cancellation task and copying on the Rey-Osterrieth test (RO; Osterrieth, 1944) , both of which require planning and organization. However, they were not deficient in terms of accuracy on those two tasks, nor in their delayed recall accuracy on the RO, finger tapping, or auditory CPT commissions and late responses.
Whereas Seidman et al. (1995 Seidman et al. ( , 1997 found deficits in performance on an auditory CPT, other studies show a similar pattern for visual CPTs (see review by Corkum & Siegel, 1993) . For example, Levy and Hobbes' (1997) comparison of children with ADHD and matched controls on a visual CPT revealed deficits in errors of omission, errors of commission, and mean reaction time. Another sample of children with ADHD also performed worse than matched controls on a visual CPT. Specifically, they were deficient with respect to response accuracy and errors of commission during both single-and dual-target CPT tasks, as well as having slower reaction times (Strandburg et al., 1996) . The two groups also differed in terms of event-related potentials measured during CPT performance. Similarly, children with ADHD differed from age-matched controls in terms of both behavioral performance and electrophysiological level during a visual CPT (van Leeuwen et al., 1998) . The ADHD group was worse with respect to errors of omission and errors of commission, but not mean reaction time. The ADHD group was also more variable in their reaction time and had a steeper decline in accuracy over time. Finally, in a Japanese study, boys with ADHD performed worse than age-matched controls on a computerized visual CPT (Inoue et al., 1998) . Using a combination of errors of omission and commission in addition to measured motor activity during the first 10 min of the CPT, the researchers differentiated the two groups with sensitivity and specificity at about 75% (unfortunately, their sample's Wechsler IQs were lower than the control group's, median = 91.5 vs. 111.0). In sum, a number of studies demonstrate relatively poor CPT scores, and this weakness is believed to reflect a deficit in sustained attention (Mirsky, Pascualvaca, Duncan, & French, 1999) .
Given evidence of deficient fronto-executive functioning among individuals with ADHD, as exemplified above, one purpose of the present study was to examine the neuropsychological test performances of a clinical sample of children diagnosed with ADHD relative to the published test norms that accompany these tests. That is, it is helpful to know whether performance on tests sensitive to fronto-executive functioning typically falls within or below average ranges relative to published test norms. Such comparison data are valuable for the clinician who must evaluate neuropsychological test performance without the benefit of a matched control group (as was present in each of the studies described above). Furthermore, even with the growing evidence of deficient fronto-executive functioning, "there is a great need for more research into the executive functions in ADHD individuals" (Barkley, 1997b, p. 260) .
The second purpose of this study is also related to the goal of improving diagnostic accuracy: specifically, examining the relationship between neuropsychological test performance and parent ratings of behavioral symptoms. Diagnoses of ADHD are typically based on behavioral observations of symptoms, and one common source of this information is subjective parent rating scales (Barkley, 1997a; Cohen et al., 1994) . However, little is known about the relationship, if any, between these two sources of data. On the one hand, they may be closely related because the degree of neuropsychological processing deficits may predict the degree to which behavioral symptoms are presented. On the other hand, they may be unrelated because the two measures assess functioning on two very different levels (cognitive vs. behavioral) and are based on observations from two very different informants (clinician vs. parent) in two very different settings (office vs. home). In addition, rating scales themselves are limited by factors such as interobserver subjectivity (Reid & Maag, 1994) . For these and other reasons, Barkley (1991) argued that the maximum possible correlation could not be expected to exceed .70 at best.
Few studies have assessed the relationship between neuropsychological test performance and parent reports. In one study, Schwean, Burt, and Saklofske (1999) failed to link ratings on the parent and teacher ratings scales of the Behavior Assessment System for Children (Reynolds & Kamphaus, 1994) with performance on several measures of attention (expressive, receptive, auditory selective, and visual selective). In contrast, Barkley's (1991) review reported low to moderate correlations between CPT omissions and commissions (Gordon, 1983) and parent behavioral ratings (Child Behavior Checklist Hyperactivity Factor- Goyette, Conners, & Ulrich, 1978; Conners Parent Rating Scale (Revised) Impulsive-Hyperactive Factor- Achenbach & Edelbrock, 1983) . Given the paucity of research, it is worthwhile to test the relationship between other commonly used rating scales and neuropsychological tests, in part to help the clinician interpret the similarities and differences in these two sources of data. Finding concordance between the two would also provide evidence of the utility of both as meaningful measures of ADHD symptoms.
Method

Participants
Archival clinical data were collected from the records of 78 children (M age = 11 years and 10 months, S.D. = 3 years and 3 months) who have sought or been referred for outpatient neuropsychological services at a large clinic and hospital in central Texas. The criteria for inclusion in the sample were that the children had or received a diagnosis of ADHD, that they were between the ages of 6.0 and 17.99, and that they were not mentally retarded (i.e., IQ > 70). Diagnoses that were made at the time of the clinic visit were based on a combination of parent report of at least six inattentive and/or six hyperactive/impulsive symptoms according to DSM-IV criteria, presence of symptoms prior to age 7 years, and the clinical judgment of a board-certified clinical neuropsychologist based on academic and psychosocial history, parent and teacher (where available) report, and significant weakness (i.e., >1 S.D. below the normative mean) on measures of attention or memory in contrast to average or better functioning in most other areas.
The 57 boys (M age = 12 years and 3 months) and 21 girls (M age = 10 years and 8 months) were predominantly Caucasian, with nine African Americans, eight Hispanic Americans, and one Asian American. At the time of the evaluation, 36% of the patients were taking stimulant medications, 35% were taking antianxiety medications or antidepressants, 9% were taking mood stabilizers, and 4% were taking antipsychotics. Five participants had a history of depression and one of bipolar disorder. Although these comorbid disorders and drug status are potential confounds, Seidman et al. (1995) found similar neuropsychological profiles between ADHD patients with and without comorbid psychiatric disorders, and Doyle, Biederman, Seidman, Weber, and Faraone (2000) found that their medicated and nonmedicated participants performed comparably on many of the same neuropsychological tests used in the present study.
Wechsler Intelligence Scale for Children-Third Edition IQs (WISC-III; Wechsler, 1991) and/or Raven Coloured Progressive Matrices IQ-estimates (RCPM; Raven, 1976) In order to estimate the prevalence of learning disabilities (LDs) in the sample, comparisons were made between each child's WISC-III FSIQ (or if not available, RCPM IQ-estimate) and his or her performance on each of the available Woodcock-Johnson Psycho-Educational Battery-Revised (WJ-R; Woodcock & Johnson, 1989) subtests. Children with at least a 1 S.D. (≥15 points) difference between an achievement test score that was less than 85 and their FSIQ were identified as having a possible LD (Mirsky et al., 1999) . Using this criterion, 13 patients showed discrepancies (of these, 6 had discrepancies in 2-4 academic areas). Specifically, significant discrepancies were found for 3 of 34 individuals for letter/word identification, 1 of 48 individuals for passage comprehension, 2 of 18 individuals for word attack, 4 of 35 individuals for calculation, 1 of 47 individuals for applied problems, and 11 of 45 individuals for dictation. Notably, 19 of the children had repeated a grade in school.
Thus, there were probably a significant number of comorbid LDs in the sample, as is typical of the ADHD population. Barkley (1990) conservatively estimated that 19-26% of ADHD children are codiagnosed with at least one LD. Although the comorbidity of LDs may be a confounding factor in this and other studies, Barkley (1997b) reported that the few studies that have attempted to disentangle the effects of the two conditions suggest that "deficits in inhibition and its associated executive functions. . . are more closely associated with ADHD than with these other disorders" (p. 307). In support, Nigg, Hinshaw, Carte, and Treuting (1998) found executive-task deficits among children with ADHD regardless of comorbid reading or psychiatric problems. Mirsky et al. (1999) found that children with ADHD + LD and ADHD-only performed similarly on neuropsychological tests. Doyle et al. (2000) found that excluding individuals with LDs from their analyses did not alter the diagnostic efficiency of neuropsychological test scores (see also Seidman et al., 1995) .
Measures and procedure
Archival clinical data were transcribed from the patients' files including selected information from the Childhood History Form (2nd edition; Goldstein & Goldstein, 1995) completed by the primary caregiver. Scores were available on some combination of the following tests:
California Verbal Learning Test-Children's version (CVLT-C; Delis, Kramer, Kaplan, & Ober, 1994) , Multilingual Aphasia Examination (MAE) Token Test (Benton & Hamsher, 1978) , RCPM (Raven, 1976) , Vigil Continuous Performance Test (VCPT; For Thought Ltd., 1993), WISC-III (Wechsler, 1991) , WRAML (Sheslow & Adams, 1990) , WCST (Heaton, Chelune, Talley, Kay, & Curtiss, 1993) , and the WJ-R (Woodcock & Johnson, 1989) .
Also included in most files was a behavioral rating scale completed by the primary caregiver of each patient: the Adaptive Behavior Scale-School, Second Edition (ABS; Lambert, Nihira, & Leland, 1993) . For the present study, the ABS Attention score was the highest rating given for Domain VII Item 55 ("attention"). Points were assigned as follows: will pay attention to purposeful activities for more than 15 min (4); will pay attention to purposeful activities for up to 15 min (3); will pay attention to purposeful activities for up to 10 min (2); will pay attention to purposeful activities for up to 5 min (1); and will not pay attention to purposeful activity for as long as 5 min (0). Thus, higher scores indicate greater attention. The ABS hyperactivity score for this study was calculated by summing ratings on a scale of 0 (not at all), 1 (occasionally), and 2 (frequently) for the four questions listed under Domain XIII Item 24 ("has hyperactive tendencies"): talks excessively, will not sit still for any length of time, constantly runs or jumps around the room/hall, and moves or fidgets constantly. Thus, lower scores indicate less hyperactivity. The ABS persistence score was calculated by summing ratings on a scale of 0 (yes) and 1 (no) for the five questions listed under Domain VII Item 56 ("persistence"): cannot organize tasks, becomes easily discouraged, fails to carry out tasks, jumps from one activity to another, and needs constant encouragement to complete task. Thus, higher scores indicate better persistence and/or organization.
Results
Neuropsychological test performance as compared to published normative means
Neuropsychological and academic test performances were compared to published norms. Each test was considered separately given the goal of assessing test sensitivity to ADHD symptoms. Single-sample two-tailed t tests were computed in order to determine whether the means for the present sample differed significantly from normative test means (see Table 1 ). With some measures, t scores could not be calculated because standard scores were not available (e.g., MAE Token Test, VCPT, and WRAML delay scores). IQ was not controlled for given that clinicians do not statistically control for IQ when interpreting test results. Finally, fail rates were also calculated for each test by computing the percentage of children who scored at or below the 5th percentile of the normative sample.
Neuropsychological tests are organized below according to the primary relevant function that each is generally believed to assess. For example, attention and concentration is tapped by WRAML Number/Letter, Sentence Memory, and Finger Windows subtests (Burton, Donders, & Mittenberg, 1996) , and the WISC-III Digit Span subtest (Lezak, 1995) ; sustained attention is tapped by VCPT omissions and response time (RT) (Spreen & Strauss, 1998) ; response inhibition is tapped by CVLT-C perseverations and intrusions (Delis, Kramer, Kaplan, & Ober, 2000) , VCPT commissions (Spreen & Strauss, 1998) , and WCST percent perseverative errors The MAE Token Test mean is a raw score (15th percentile; maximum possible score = 44). WRAML number/letter memory, sentence memory, and finger windows, and the WISC-III subtest means are standard scores (M = 10; S.D. = 3). VCPT scores are reported as the mean number of standard deviations (M.S.D.) above (worse than) the norming sample's mean because published normative data are given only as mean raw scores and standard deviations separately for each gender and four age groups. The M.S.D. was determined by calculating the difference between each raw score in the ADHD sample and its respective norming sample's mean raw score, and then dividing this difference by the standard deviation of its respective norming sample's scores. All CVLT-C scores are z scores (M = 0, S.D. = 1), except for the CVLT-C List A mean, which is a t score (M = 50, S.D. = 10). WRAML delay recall and delay recognition are mean raw scores (for recognition, maximum possible score = 15). For delay recall, scores are the discrepancy between delay recall and Trial 4 of the learning trial. The WCST and WISC-III FDI means are standard scores (M = 100, S.D. = 15). * P < .05. * * P < .01. (Barkley, 1997b) ; and working memory (including memory tracking and incidental learning) is tapped by the WISC-III Arithmetic and Coding subtests and the Freedom from Distractibility Index (FDI; Barkley, 1997a Barkley, , 1997b Lezak, 1995) . Note that WCST perseverative errors are categorized here as inhibition-sensitive, although Barkley (1997a Barkley ( , 1997b argues that they may also depend on working memory. In any case, given that neuropsychological tests require multiple executive and nonexecutive processes (Pennington & Ozonoff, 1996) , the resulting classification scheme is admittedly somewhat arbitrary. However, its purpose is to facilitate interpretation of the data rather than test a theoretical model.
Span of attention
The sample performed below the tests' normative means on all five tests, being significantly below on the four for which t tests were possible (all but the MAE Token Test, for which normative means are not available in the manual). On the MAE Token Test (designed as a measure of language comprehension but also requiring intact span of attention and auditory processing), mean performance for the sample was at the 15th percentile. On the WRAML Number/Letter and Sentence Memory subtests, the sample's scores were greater than 1 S.D. below the normative mean, and on the WRAML Finger Windows, scores approached 1 S.D. below the mean. For the WISC-III Digit Span subtest, performance was at the lower end of the average range (i.e., within 1 S.D. of the normative mean). Fail rates for each of the tests ranged from 9 to 38% of the children.
Sustained attention
Number of errors of omission on the VCPT was more than 3 S.D. below the normative mean. There was no such large deficit in RT; however, as our sample performed near the normative mean. Fail rates were 42 and 17% for VCPT omissions and RT, respectively.
Single-trial learning
The sample performed significantly below the normative mean on all three tests, namely the CVLT-C List A Trial 1 and List B Recall, and the WRAML Story Memory subtest. On the latter test, performance was more than 1 S.D. below the normative mean. Fail rates for each of the tests ranged from 5 to 44% of the children.
Learning with repetition
The sample performed significantly below the normative mean on all three tests, namely the CVLT-C List A Total, and the WRAML Sound Symbol Learning and Visual Learning subtests. On the two WRAML tests, the ADHD sample's deficits were between 1 and 2 S.D. below the normative mean. Fail rates for each of the tests ranged from 22 to 55% of the children.
Retention of learning (delayed recall and recognition)
The sample mean was in the average to low average range on all of the tests, namely the five CVLT-C measures [e.g., short-delay free recall, short-delay cued recall, long-delay free recall, long-delay cued recall, and discriminability (recognition)], and the eight WRAML measures of delayed recall and recognition (e.g., story memory delay recall, sound symbol delay recall, visual learning delay recall, and story delay recognition for each of the under 9 years and 9 and over age groups). Despite average to low average mean scores, however, the difference between the sample mean and the normative mean reached significance for three of the five scores for which t tests were possible (CVLT-C short-delay free recall and short-and long-delay cued recall). Fail rates for each of the tests ranged from 8 to 18% of the children on the CVLT-C and 0-33% on the WRAML. However, the higher percentage rate of 33% was on a measure with an n of only 12, with the other fail rates ranging up to 11%.
Response inhibition
While the sample performed worse than the normative mean on all five tasks (i.e., CVLT-C perseverations, free recall intrusions, and cued recall intrusions; VCPT total commissions; and WCST percent perseverative errors), the sample's deficits differed significantly from the normative mean for only two of the four measures for which t tests were possible (CVLT-C perseverations and WCST percent perseverative errors, but not CVLT-C free or cued recall intrusions). Notably, the sample performed more than 1 S.D. worse than the normative mean in terms of errors of commission on the VCPT. Percent perseverative errors on the WCST was within 1 S.D. below the normative mean overall. However, scores were analyzed separately for 6-11-year-olds and for 12-17-year-olds in keeping with Barkley, Grodzinsky, and DuPaul's (1992) finding that the WCST may be sensitive to deficits in children, but rarely adolescents. Consistent with Barkley et al., separate t tests for the under 12 years and 12 and over age groups showed a significant difference only for the younger group, whose scores averaged about 1 S.D. below the normative mean. Fail rates for each of the tests ranged from 6 to 29% of the children. 
Working memory
The sample performed significantly below the normative mean on all three measures, exceeding 1 S.D. for arithmetic and approaching 1 S.D. for coding and the FDI (note that arithmetic is embedded in the FDI along with digit span). Moreover, the sample's mean FDI was significantly below its mean FSIQ [t (44) = 3.19, P < .01]. Wechsler (1991) found a similar six-point difference in a WISC-III validation study of 68 children with documented ADHD(FDI M = 93.4, S.D. = 15.0; FSIQ M = 99.4, S.D. = 15.6). Fail rates for the three tests ranged from 27 to 46% of the children.
Academic achievement
The sample performed significantly below the normative mean on five of the six tests of academic achievement (see Table 2 ). However, only for dictation was this deficit greater than 1 S.D. below the normative mean. Fail rates for each of the tests ranged from 6 to 27% of the children.
Correlations between behavioral ratings and neuropsychological test performance
Parent ratings on the ABS were available for 50 of the children. For ABS attention, the mean rating translates as the children, on average, being able to attend for up to 10-15 min (M = 2.74, S.D. = 1.38, range = 0-4). For ABS hyperactivity, the mean rating was near the middle of the scale (M = 3.5, S.D. = 2.5, range = 0-8). For ABS persistence, the mean rating was near the bottom of the scale, indicating that the typical parent rated their child as presenting most of the listed problem behaviors (M = 0.98, S.D. = 1.13, range = 0-4).
Partial correlations (partialling out the effects of age and WISC-III IQ, or if not available, Raven IQ-estimate) were calculated between parent ratings of behavior on the three ABS subscales and performances on the 21 neuropsychological test scores for which at least 30 patients had complete data (i.e., neuropsychological tests, ABS, and IQs or IQ-estimates). Raw scores were analyzed (except for the WJ-R, for which only standard scores were recorded into the data set) because standard scores contain unnecessary error variance (e.g., raw scores from 7 to 10 could transform to a scaled score of 8, and raw scores from 4 to 6 could transform to a scaled score of 7; hence, when converted to scaled scores, raw scores as different as 4 and 10 would look no different than raw scores of 6 and 7). Also, age adjustments for scaled scores are such that someone who is 7 years, 11 months, 30 days may be treated transformation-wise like someone who is 7 years, 6 months, 0 days, but differently than someone who is 8 years, 0 months, 0 days. Partialling out the effects of age in correlational analyses is not similarly arbitrary.
Statistically significant (P < .05) or marginally significant (P < .10) correlations were found with the ABS Attention ratings in 43% of the analyses (9 of 21; see Table 3) , with the ABS Hyperactivity ratings in 48% of the analyses (10 of 21; see Table 4 ), and with the ABS persistence ratings in 14% of the analyses (3 of 21; see Table 5 ). For 18 of these 22 significant correlations, P < .05. For the other four, P < .10. Specifically, parent ratings of better attention were associated with better performances on the CVLT-C List A total recall, long-delay free recall, List B recall, short-delay free recall, short-delay cued recall, long-delay cued recall, discriminability (recognition), and cued intrusions; and fewer total omissions on the VCPT. Ratings of greater hyperactivity were associated with poorer performances on the CVLT-C List A total recall, long-delay free recall, long-delay cued recall, List B recall, short-delay free recall, short-delay cued recall, and discriminability (recognition); poorer performance on WRAML sentence memory and number/letter memory; and lower percent perseverative errors on the WCST. In contrast, ratings of greater persistence correlated significantly with only three of the neuropsychological measures (fewer total omissions on the VCPT, fewer percent perseverative errors on the WCST, and better WRAML number/letter memory).
Given the general expectation that the children rated as having more behavioral symptoms would perform less well on the neuropsychological tests, only one of these significant correlations was not in the expected direction. That is, fewer percent perseverative errors on the WCST was associated with greater hyperactivity. Using the most stringent criteria that the correlation must be in the expected direction and significant at the P < .05 level, neuropsychological test scores were correlated with ABS parent ratings in 33% of the analyses for ratings of attention, in 43% of analyses for ratings of hyperactivity, and in 5% of the analyses for ratings of persistence (i.e., respectively, for 7, 9, and 1 of 21 correlations). 
Discussion
The present study revealed statistically (although not necessarily clinically) significant weaknesses among a sample of children with ADHD on most measures tapping span of attention, sustained attention, and working memory, as well as on some of the measures of response inhibition. The sample also performed poorly on most memory tests requiring free recall/retrieval (single-trial learning and learning with repetition), a skill dependent in part on intact frontal/subcortical functioning as demonstrated in the recent literature on frontal/subcortical dementias (e.g., Libon et al., 2001; see Rosenstein, 1998 for a review) . In contrast, mean scores were consistently within normal limits on the tests tapping retention of information already learned (i.e., storage and retention in delayed recall and recognition tasks), although some of the sample's means fell significantly below normative means. Mean performances were also in the average to low average range on most tests of academic achievement in keeping with the sample's mean average to low average IQs, although again, the sample's means fell significantly below normative means in most cases. This pattern of results was also reflected in the fail rate data, as fewer children performed at or below the 5th percentile of the normative mean on tests of retention of information already learned and academic achievement than on the other neuropsychological tests. Although this study was not designed as a test of Barkley's (1997a Barkley's ( , 1997b "hybrid model" of ADHD, which emphasizes the negative effects of poor behavioral inhibition on working memory and other fronto-executive functions, these results are generally consistent with it.
Of possible clinical significance, the VCPT and the WRAML emerged as particularly sensitive to the weaknesses present in our sample. For example, fail rates for the various scores were 42% of the ADHD sample for VCPT omissions, 20% for VCPT commissions, and from 28 to 55% of the ADHD sample for the six WRAML nondelayed learning and memory measures. These results are consistent with previous studies that revealed deficits in children with ADHD on the WRAML and various CPTs (e.g., Barkley et al., 1992; Grodzinsky & Barkley, 1999; Levy & Hobbes, 1997; Losier, McGrath, & Klein, 1996; Seidman et al., 1995 Seidman et al., , 1997 . For example, Perugini, Harvey, Lovejoy, Sandstrom, and Webb (2000) found that the Conners (1995) CPT was the only test in their fronto-executive battery to provide adequate predictive power for ADHD (but see McGee, Clark, & Symons, 2000) . This finding also converges with EEG evidence of diminished prefrontal arousal during vigilance test performance (Barkley, 1997b) . In addition, percent perseverative errors on the WCST emerged as another area of deficit, but only for the 6-11-year-old group in keeping with Barkley et al.'s (1992) review (but see Grodzinsky & Barkley, 1999) .
Although the present study suggests that children with ADHD exhibit relative weaknesses on tests sensitive to fronto-executive functioning, no conclusions about diagnostic specificity or predictive power can be made due to the absence of a matched normal comparison group. One recent study that included non-ADHD controls found relative weaknesses on some of the same or similar measures of attention and executive functions as in the present study (i.e., CVLT, WCST, WISC FDI, WRAML, and omissions on an auditory CPT), but limited discriminability between groups due in part to a substantial number of ADHD children with normal test scores (Doyle et al., 2000) . Similarly, Grodzinsky and Barkley (1999) found good predictive power for most of the fronto-executive tests used (e.g., a visual CPT), but limited classification accuracy. In the present study, the highest fail rate obtained was only 55% (for the WRAML visual learning test), meaning that for each of the tests no more than (about) half of the ADHD sample showed clinically significant deficits. Hence, whereas children with ADHD present weaknesses in fronto-executive functioning as a group, neuropsychological test results should be used very cautiously in making individual diagnoses, particularly in ruling out the diagnosis.
The present study also makes no claims as to the utility of fronto-executive tests for making differential diagnoses due to the absence of a psychiatric or neurological comparison group. However, the reality may be that one should not expect these tests to discriminate between conditions. Consider that ADHD does not follow a strict disease model; rather, it is a heterogeneous cluster of potential symptoms likely with more than one possible etiology (see also Perugini et al., 2000) . Moreover, unlike with diseases, the treatment of ADHD involves reducing symptoms rather than "curing" the cause. As a result, the greatest value of tests sensitive to fronto-executive functioning may not be in diagnosis, but in assessing patient strengths and weaknesses so as to better tailor interventions (Grodzinsky & Barkley, 1999) . Second, the question was addressed as to whether parent ratings of ADHD behaviors on the ABS are related to neuropsychological test performances. Overall, parent ratings on the ABS attention, hyperactivity, and persistence items correlated significantly (P < .05) with patient neuropsychological test performance in 29% of all analyses and at least marginally (P < .10) in 35% of all analyses. The concordance between neuropsychological test performance and parent ratings was much higher for inattention and hyperactivity ratings than for persistence ratings. That is, correlations were both significant at the P < .05 level and in the expected direction in 33% of the analyses for ratings of attention, in 43% of the analyses for ratings of hyperactivity, but only in 5% of the analyses for ratings of persistence. The low correlations for persistence ratings may reflect the somewhat restricted range (floor effect) that resulted from the consistently strong endorsement of symptoms of impersistence (M < 1 on a four-point scale, indicating that the typical parent rated their child as presenting most of the listed problem behaviors).
CVLT-C scores were particularly consistent with parent ratings of behavior. Specifically, parent ratings of attention and hyperactivity correlated at least marginally significantly and in the expected direction with 68% (15 of 22) of the CVLT-C scores (for 13 of 22 scores, P < .05). Parent ratings of persistence did not correlate significantly with any of the scores on the CVLT-C, however.
With respect to the one unexpected finding that greater hyperactivity was associated with fewer percent perseverative errors on the WCST, the best explanation may be "chance." In fact, the literature is replete with findings that are not in keeping with the preponderance of the evidence. Although these exceptions usually involve a failure to show statistically significant differences between groups (e.g., Barkley et al., 1992 , found significant group differences for the WCST in only 8 of 13 studies reviewed), sometimes the results actually run counter to predictions (e.g., Perugini et al.'s, 2000 , controls made more commission errors on the Conners CPT than did their ADHD sample).
Finding measurable concordance between parent ratings of behavioral symptoms and neuropsychological test performances is impressive for a number of reasons, including that subjective behavioral ratings vary with informant (Schwean et al., 1999) , and that the two sets of measures assess very different manifestations of the disorder from two very different vantage points. Moreover, correlations are adversely affected by small sample sizes (in the present study, n ranged from only 32 to 35) and the reduced variability of an entirely clinical sample diagnosed with the same disorder (as opposed to one with normal controls). Thus, these data suggest that parent ratings and neuropsychological tests are sensitive to some of the same characteristics of ADHD, such that parent perceptions of symptom severity are reflected in the more objective neuropsychological data.
Future research should extend these findings by including other commonly used rating scales. For example, in the present study, correlations between the Conners Parent Rating Scales (CRS, 1989) and the 21 neuropsychological tests were analyzed but not reported because complete data were available for 26 or fewer patients for each analysis. Nevertheless, very few of these correlations were significant (VCPT total commissions and reaction time correlated with the Conner's Global Index rs = −.43 and .42, P s < .05, and also marginally with the Impulsivity/Hyperactivity score, rs = −.38 and .39, P s < .10). Similarly, even with a much larger sample, McGee et al. (2000) found no significant correlation between the CPRS and the Conners' CPT (Conners, 1995) , although they did report a modest association [r(94) = .21, P < .05] between teacher ratings of hyperactivity and Conners' CPT omission errors. The lack of significant correlations between the CPRS and neuropsychological test performances may reflect the scales' characteristics. For example, the CPRS includes relatively vague rating options (e.g., pays attention "little," "often," or "very often"). In contrast, the ABS uses more concretely objectified items, such as "will pay attention to purposeful activities for more than 15 min," "up to 15 min," "up to 10 min," "up to 5 min," or "less than 5 min." Also, the ABS covers a range of behaviors, with attention, hyperactivity, and persistence items buried in various parts of the questionnaire. Thus, there may be less obvious face validity that could otherwise result in response biases/sets. Future research should also confirm these findings with larger samples (a pervasive problem in the literature; Barkley, 1997b) and controlled experimental paradigms that address some of the limitations of the present study. For example, 36% of the sample was identified as taking stimulant medications, although it was not specified when they were taken relative to the time that the neuropsychological tests were administered. Moreover, the tests were usually but not always given in the same order, as opposed to being randomly assigned and, thus the findings may be confounded by unidentified fatigue effects. Note, however, that the cost of low experimenter control in such an archival study must be interpreted against the advantages in ecological validity, as these circumstances are typical for the clinicians who use and interpret such tests.
Future research should also establish ADHD subtype in the sample, given the possibility of differing neuropsychological profiles (Goodyear & Hynd, 1992; Schultz et al., 2000) . For example, impulsive children (ADHD, Predominantly Hyperactive-Impulsive or ADHD, Combined type) would be predicted to have rapid RTs, whereas inattentive children (ADHD Predominantly Inattentive type) who are supposedly not impulsive would be predicted to have longer RTs, so that any effects of ADHD in a combined sample would be cancelled out in a simple correlation or group mean. This may account for why there were no significant analyses involving RTs.
The present results must be interpreted cautiously in light of the above limitations. At the same time, each of these limitations is a potential confound, making it conceivable that the correlations and deviations from test norms reported in the present study may be even greater if these confounds were controlled. In any case, these findings provide a reference point for the clinician who relies on parent rating scales and neuropsychological test data to identify patient strengths and weaknesses and to make treatment recommendations.
